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ASSAY FOR DETECTING APOPTOTIC CELLS 

FIELD OF THE INVENTION 
This invention relates generally to the fields of molecular biology and 
5 cell biology and, more specifically, to apoptosis and methods for detecting 

apoptosis in biological samples. 

BACKGROUND OF THE INVENTION 
Apoptosis is a process of programmed cell death by which multicellular 

10 organisms selectively delete cells. The term necrosis is used to describe the 

morphological changes undergone by cells that die by processes other than 
apoptosis. Apoptosis is characterized by a progressive condensation of the 
chromatin to the inner face of the nuclear membrane, cell shrinkage with 
consequent loss of membrane contact with neighboring cells, and 

15 fragmentation of the cells with formation of membrane-bound acidophilic 

globules (apoptotic bodies). 

The DNA of cells that have undergone apoptosis is cleaved into 
fragments that are multiples of approximately 180 base pairs. These 
fragments can be seen after agarose gel electrophoresis as a characteristic 

20 "ladder" develops. This ladder is widely used as a biochemical marker for 

discriminating apoptotic ceU death from necrotic cell death as the DNA of 
necrotic cells is randomly degraded and does not produce a ladder. The 
ladder develops as a result of cleavage of nuclear DNA within the linker 
regions between nucleosomes. Double strand cleavage results from frequent 

25 nicks on both DNA strands. / 

Although the endonuclease responsible for the cleavage of DNA in 
apoptotic cells has not been definitively identified, candidate nucleases with 
properties consistent with their involvement in apoptosis have been identified 
in apoptotic cells. 

30 The endonucleases that have been identified in apoptotic cells are 

generally similar in their properties to pancreatic DNase 1. Specifically, these 
endonucleases share the following characteristics: 
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(i) the DNA ends produced by DNase I cleavage (5'-phosphate and 
3'-hydroxyl) are the same as those found in apoptotic nuclei; 

(ii) DNase I-transfected COS cells show chromatin changes similar to 
those seen in apoptosis; and 

(iii) DNase I cleavage of chromatin produces the same characteristic 
nucleosomal DNA fragments that can be isolated from apoptotic cells. 
Although DNase I has been detected in cells undergoing apoptosis and 

the tissue distribution of DNase I is consistent with a role in apoptosis, the 
endonucleases partially purified from apoptotic cells were shown to be distinct 
from DNase I. There is less evidence for the involvement of DNase II and 
other endonucleases in apoptosis. 

Presently, the terminal deoxynucleotidyl transferase(TdT)-mediated 
biotinylated dUTP nick end labeling (TUNEL) method is used to detect 
apoptotic cells in tissue sections. The TUNEL method utilizes TdT to 
incorporate a biotinylated deoxsmridine label into DNA fragments containing 
a 3'-hydroxyl group. The label can be detected using a variety of 
avidin/streptavidin based detection methodologies. Although 3'-hydro^l 
groups are present in the double stranded DNA breaks in the apoptotic cells, 
they are also present in the DNA of cells that have undergone necrotic ceU 
death. This method, therefore, is not suitable for distinguishing between 
necrotic cell death and apoptotic cell death. In addition, this methodology 
does not permit the simultaneous detection of 3'-hydroxyl groups and other 
biologically relevant molecules, such as RNA and proteins. 

Presently, there is a need in the art for a methodology to specifically 
detect apoptotic cells. There is presently no methodology that permits the 
specific detection of apoptotic cell death without the simultaneous detection 
of necrotic cells. In the experiments reported here, we determined whether 
DNA double strand breaks characteristic of those produced by an 
endonuclease like DNase I can be detected in apoptotic cells in situ. 

When DNA is bound to histones or other proteins in chromatin, it is 
partially protected from the action of endonucleases, which are able to cleave 
the DNA at approximately 10-bp intervals, the distance of a single helical 
turn of the DNA. Because of the hehcal twist of DNA, the two strands are 
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accessible to endonucleases with production of staggered ends as well as some 
blunt ends. Thus DNase I cleavage of nucleosome-bound DNA gives rise to 
double strand cuts with 1, 2, or 3 bases of 3' overhang. 

In contrast, DNase II cleavage of DNA in chromatin yields longer 
5 3'-overhangs of an average of 4 bases. 

SUMMARY OF THE INVENTION 
To detect double-stranded DNA ends in apoptotic nuclei in situ, we 
used several types of double-stranded, labeled DNA fragments which were 
10 ligated to DNA ends present in the nuclei of cells in sections of fixed 

paraffin-embedded tissues. To detect single-base 3'-overhangs, we took 
advantage of the fact that double-stranded DNA fragments synthesized hy 
Taq DNA polymerase in the polymerase chain reaction have a single 3' base 
extension beyond the templated sequence. Although it was originally 
15 suggested that Taq polymerase added only deoxyadenosine to the S'-ends of 

double-stranded DNA, other work subsequently estabUshed that if the last 
templated 3'-nucleotide synthesized is deoxycytidine, Taq polymerase wiU add 
deoxyadenosine or deo^cytidine, leaving no blunt-ended DNA, thus providing 
a fragment that could potentially ligate to the recessed 5'-base of many of the 
20 single-base 3'-overhangs in a random DNA sequence. To prepare a fragment 

that can be ligated only to blunt ends, PGR was performed using Pfu DNA 
polymerase, because this polymerase produces blvmt-ended products only. 

An alternative method of preparing DNA fragments for use as Ugation 
probes is to synthesize oUgonucleotides that form ends that can be ligated. 
25 Rather than using two complementary strands in the fashion customarily 

employed for the production of oligonucleotide hnkers, a single 
oligonucleotide may be synthesized such that a region on the 3'-end of the 
oligonucleotide is complementary to a region on the 5'-end. When the 
complementary regions of the oligonucleotide anneal, a hairpin structure with 
30 a stem and loop spontaneously forms. 

The stem structure formed has a double-stranded end that may be 
ligated to a compatible end. When the regions of complementarity include the 
5'-most and 3'-most nucleotides, the stem formed has a blunt end. By 
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adding nucleotides to either the 3'^nd or the 5'-end without adding the 
complementary nucleotide to the other end of the oligonucleotide, an 
overhang can be created. By including the appropriate number of nucleotides 
on the desired end, a 3'-overhang or a 5'-overhang of any length can be 
created. Additionally, any desired sequence can be incorporated into the 
overhanging portion of the oligonucleotide. 

Using the ligation procedure and probes described, we determined that 
apoptotic nuclei, but not nuclei in necrotic tissue or tissue with other 
non-apoptotic DNA damage, have DNA ends that can be Ugated to labeled 
DNA fragments with single-base 3' overhangs. In addition, we foimd that 
DNA having ends characteristic of apoptosis cotdd be detected with blunt 
ended DNA probes as well as with probes having two and three base 3'- 
overhangs. 

In contrast, nuclei with all forms of DNA damage have a high 
concentration of 3'-hydroxyl DNA ends that are a substrate for terminal 
deoxynucleotidyl transferase (TdT). As TdT can extend the 3' base of 
single-stranded DNA and overhanging, blunt, and recessed 3' bases of 
double-stranded DNA, TdT based methodologies are not suitable to 
distinguish apoptotic cells from necrotic cells. In contrast, ligation based 
methodologies are suitable to accomplish this very desirable objective. 

The present invention provides a methodology for specifically detecting 
the presence of apoptotic cells in tissue sections. The present invention 
overcomes the limitations of the prior art by employing a novel ligation 
methodology to detect DNA fragments that are diagnostic of apoptotic cells. 

One aspect of the present invention includes a method for detecting 
apoptotic cells in tissue sections. This method uses a novel in situ ligation 
methodology to label double strand DNA breaks with overhanging termini 
diagnostic of apoptotic cells. 

Another aspect of the present invention is to provide a method of 
detecting and isolating DNA fragments that have defined termini using a 
solid phase capture assay. 

Another aspect of the invention includes a method for detecting the 
presence of apoptotic cells in a tissue sample using the ligation methodology 
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presented herein in a DNA blot format. The DNA is isolated from the sample 
and fractionated by size using agarose gel electrophoresis. The DNA is then 
transferred to a solid support and probed using the ligation methodology. 
This method is more sensitive than currently available technologies and 
5 permits the detection of a small number of apoptotic cells when the apoptotic 

cells form only a small portion of the tissue sample. 

Another aspect of the present invention is to provide a method for 
detecting the presence of biologically important macromolecules in a cell 
undergoing apoptosis. These macromolecules include proteins and RNA. 
10 This method permits the simultaneous detection of an apoptotic cell and the 

detection of the presence of specific macromolecules within the apoptotic cell. 

Another aspect of the present invention is to provide a methodology for 
analjrzing DNA to determine whether the DNA has been acted upon by a 
nuclease and, if the DNA has been acted upon by a nuclease, to determine 
15 what type of nuclease has acted upon the DNA. 

Another aspect of the invention is to provide a method that allows the 
determination of the nature of DNA damage caused by the activity of 
nucleases upon the DNA and specific RNA synthesis associated with that 
damage. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 . Detection of different types of DNA ends within apoptotic 
cells in rat thymus. 

Figure 2. Comparison of patterns of apoptotic cells, detected by the 
25 presence of different types of DNA ends, in control and glucocorticoid-treated 

thymus. 

Figure 3. Detection of DNA ends within necrotic cells in Wilms' 
tumor by three labeling methods. 

Figure 4. Relative color development of spots with various amoimts 
30 of digoxigenin-labeled DNA. 

Figure 5. Detection of DNA ends within hydrogen peroxide-treated 
liver by two labeling methods. 
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Figure 6. Detection of DNA ends within autolytic bovine 
adrenocortical tissue. 

Figure 7. Detection of DNA ends within heated tissue sections by 
two labeling methods. 

Figure 8. Schematic representation of a hairpin oligonucleotide 
containing a end suitable for ligation. 

DETAILED DESCRIPTION OF THE INVENTION 
DEFINITIONS 

In present application, the term sample shall mean any biological 
material that contains DNA. The term sample includes, but is not Umited to, 
cells isolated from a multicellular organism, cells grown in cell culture, 
normal tissue, malignant tissue, necrotic tissue and tissue from any biological 
source. Biological sources include plant and animal sources. 

In the present apphcation, the phrase "DNA having an end 
characteristic of apoptosis" shall mean any DNA molecule, present in or 
obtained from a sample, having an end that is Ugatable. The DNA of 
apoptotic cells may be distinguished from that of cells that have undergone 
necrosis or other forms of cell death in that the ends of the DNA of apototic 
cells are ligatable. In contrast, the ends of the DNA in cells that have 
imdergone other forms of cell death are not ligatable. The structures of ends 
produced in the DNA of a cell that has undergone apoptosis include, but are 
not limited to, ligatable blimt ends, Ugatable 3'-overhanging ends and 
ligatable 5'-overhanging ends. In a preferred embodiment, the DNA having 
an end characteristic of apoptosis will be a ligatable 3'-overhanging end in 
which the overhang extends from one to three nucleotides. 

In the present application, the phrase "detectable moiety shall mean 
any chemical structure or structures the presence or absence of which can be 
determined. Methods which may be used to determine the presence or 
absence of the detectable moiety include, but are not Umited to, radioactive 
methods, fluorescent methods and enzyme activity based methods. Those of 
ordinary skill in the art wiU appreciate that "detectable moiety" includes, but 
is not limited to, enzymes, small molecules, chromophores, fluorophores or 
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radio-labeled molecules. Small molecules include, but are not limited to, 
biotin, digoxigenin, and single atoms such as bromine. In a preferred 
embodiment, bromine will be used in the form of bromo-deoxyuridine. Radio- 
labeled molecules include single atoms, such as radioactive iodine, as well as 
5 larger molecules. 

In the present application, the phrase "reagents for detecting the 
detectable moiety" shall mean any chemical or chemicals which may be used 
to determine the presence or absence of a detectable moiety. Examples of 
"reagents for detecting the detectable moiety" include, but are not limited to, 
. 10 chromogenic substrates for enzymes, fluorogenic substrates for enz3mies, 

enzymes and enz3anes conjugated to binding molecules. Binding molecules 
include, but are not limited to, avidin, streptavidin, lectins. Protein A, Protein 
G, antibodies and antibody fragments. Also included in reagents for detecting 
detectable moieties are enzyme cofactors, ATP, buffers, fluors for detecting 

15 radioactivity and solid particles such as colloidal gold and poljrmer coated 

magnetic particles. Typically solid particles will be conjugated to binding 
molecules. In a preferred embodiment, "reagents for detection of detectable 
moieties" will include a binding molecule conjugated to an enzjntne. In other 
preferred embodiments, reagents for detecting detectable moieties will include 

20 binding molecules conjugated to fluorescent molecules. 

In the present application, the phrase "proteins of apoptotic cells" shall 
mean any protein or protein fragment expressed by a cell which is undergoing 
apoptosis. This includes proteins located within the cell as well as those 
located on the surface of the cell or excreted by the cell. 

25 In the present application, the phrase "RNA of apoptotic cells" shall 

mean any RNA molecule present in a cell which is undergoing apoptosis. 
This includes RNA molecules present in the cell prior to the onset of 
apoptosis as well as those produced during apoptosis. 

In the present application a nucleotide probe shall mean any nucleic 

30 acid molecule, DNA or RNA, that can be used to detect a different nucleic 

acid molecule. 

In the present application "ligates specifically to the DNA of cells that 
have undergone apoptosis" shall mean that it is more likely to ligate to DNA 
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of cells that have undergone apoptosis than to ligate to cells that have not 
undergone apoptosis. 

EXAMPLES 

The present invention may be more easily understood with reference 
to the following non-hmiting examples. 
General Methods 

Preparation of double-atrand Nucleic Acid fragrments for in situ ligation 

In the following specific examples, the present invention is described 
in terms of DNA probe molecules. Those skilled in the art will readily 
appreciate that, for the purposes of the present invention, RNA probe 
molecules are equivalent to DNA probe molecules and could be substituted 
into the methods and kits of the present invention by simply employing an 
RNA hgase enzyme instead of a DNA ligase enzyme. Thus, the phrase 
"nucleic acid," as used herein and particularly in the claims, includes both 
RNA and DNA molecules. 

A 226-bp double-stranded DNA fragment was prepared using primers 
5'.GTGGCCTGCCCAAGCTCTACCT-3' (SEQ ID:1) and 
5'-GGCTGGTCTGCCGCCGTTTTCGACCCTG-3' (SEQ ID:2) 
complementary to plasmid pBluescript-bSDIl. Although we used this 
sequence for the data presented here, the actual sequence of the fragment 
used is unimportant because we have also used unrelated sequences of lengths 
60 to 450 bp with equivalent results. To prepare fragments by the 
polymerase chain reaction (PGR) with Taq polymerase we set up reactions 
comprising 100 \xl of 50 mM Tris-HCl, pH 8.3, 10 mM KCl, 1.5 mM MgCl,, 
16.6 \iM digoxigenin-ll-dUTP (Boehringer /Mannheim), 16.6 ^iM TTP, 
50 ^M dATP,50 |iM dCTP,50 \iM dGTP (other nucleotides from Sigma), 100 
pmol of each primer, and 10 pg of plasmid. These concentrations of reagents 
are appropriate for most applications. In some instances, it may be desirable 
to increase the incorporation of label into the probe and thereby increase the 
sensitivity of the assay by omitting TTP from the reaction mixture. Taq 
poljonerase (2.5 units, Boehringer Mannheim) was added to each tube when 
the reaction mixture had been heated to SO^'C. PGR was performed with 35 
cycles of 20 seconds at QS'^C, 20 seconds at dVC^ and 120 seconds at 74'' C, 
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the final cycle having an extension time of 4-10 minutes. Fragments were 
prepared xising cloned Pfu polymerase (Stratagene) using the same protocol 
but with a buffer composition of 200 mM Tris-HCl pH 8.8, 100 mM KCl, 100 
mM ammonium sulfate, 20 mM MgSO^, 1% Triton X-100 and 1 mg/ml BSA. 
Agarose gel electrophoresis of an aliquot of the reaction showed a single 
product for both enzymes. 

To precipitate the fragments, ammonium acetate was added to 2.5 M, 
the solution was centrifuged at 10,000 g for 5 minutes, and the supernatant 
was mixed with 2 voltmies ethanol and centrifuged for 25 minutes. The 
supernatant was discarded and the pellet was washed with 70% ethanol and 
then with 100% ethanol. After vacuum drying for 20 minutes, the pellet was 
dissolved in water and the concentration measured by Hoechst dye 33258 
fluorescence. In an alternative protocol, the PGR reaction mixture was 
subjected to column purification using silica glass columns (High Pure, 
Boehringer Mannheim). The fragments were stored at -20^ C until use. 

In various embodiments the DNA probe molecule may incorporate 
different detectable moieties. These detectable moieties may be enzymes, 
small molecules, chromophores, fluorophores or radio-labeled molecules. 
Small molecules include, but are not limited to, biotin, digoxigenin, and single 
atoms such as bromine. In a preferred embodiment, bromine will be used in 
the form of bromo deoxjruridine. Radio-labeled molecules is seen to include 
single atoms, such as radioactive iodine, as well as larger molecules. 

Preparation of Hfl irpin Oli gonucleotides 

We designed oligonucleotide probes capable of detecting double-strand 
breaks in DNA using a ligation based technique. These oligonucleotides have 
three portions: 1) a stem formed by complementary sequences in the 3'- and 
5'- regions of the oligonucleotide that spontaneously anneed; 2) a loop region 
in which detectable moieties may be attached; and optionally 3) an overhang 
portion consisting of one or more unpaired nucleotides located at either the 
3'- or 5'-end of the oligonucleotide. These probes specifically and with great 
sensitivity detect double-strand breaks in apoptotic cells. Localization of 
these probes is restricted to areas of chromatin characteristic of apoptosis, 
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whereas much more diffxise labeling was obtained when all available 3'-DNA 
ends were labeled by terminal transferase. Using the principles disclosed 
herein, hairpin oligonucleotide probes can be designed with any type of 3'- 
or 5'-overhang complementaiy to any double-strand DNA termini being 
detected. 

With the exception of the overhanging portion, the actual sequence of 
the oligonucleotide is not critical to the fimctionmg of the invention. The 
critical features of the oUgonucleotide are that it spontaneously for a stem 
structure that can be Hgated to compatible DNA ends and that it be 
detectable when ligated to such DNA ends. One example of a sequence 
having these characteristics is provided in Figure 8, SEQ ID:3. This 
oUgonucleotide was designed with a 10-bp stem region to form a hairpin with 
a defined double-strand end (Figure 8). The terminus of the stem has a 
characteristic structure. In the example shown in Figure 8, the characteristic 
structure is single 3'-A overhang. The recessed 5'-phosphate of a 
double-strand break on the tissue section with a single T overhang can ligate 
to the 3'-A overhang on the probe. The 3'-overhang on the section does not 
ligate to the recessed 5'- hydroxyl on the probe because the oligonucleotide 
lacks a 5'-phosphate. This feature avoids the possibihty of the probe ligating 
to 3'-hydroxyls on the ends of single-stranded DNA fragments. 

A loop of 20 nucleotides was designed to accommodate detectable labels 
without base-pairing in this region. The size of the loop may be varied from 
as few as one base to as many bases as desired. Alternatively, the loop may 
be entirely dispensed with and replaced by one or more non-nucleotide 
moieties. These non-nucleotide moieties may include sugar residues without 
bases or other chemical structures that allow the incorporation of a detectable 
label. 

The loop exemplified in Figure 8 contains 5 deoxyuridine derivatives 
labelled with biotin (B). At 5 places in the loop, the oligonucleotide was 
synthesized with amino modifier C6-deoxyuridine (Glen Research, Sterling, 
VA). After synthesis of the oUgonucleotide, the detectable moiety biotin was 
covalently attached to the amino groups by reaction with biotin 
bis-aminohexanoyl N-hydroxj^succinimide ester (Glen Research). The 



10 



wo 98/23777 



PCTAJS97/21271 



synthesis and post-synthesis biotinylation were performed by Synthetic 
Genetics Corp. (San Diego, CA). Alternatively, the hairpin waB synthesized 
with the substitution of a preformed biotin-labeled thymidine analogue (Glen 
Research). In addition, any other means of incorporating a detectable label 
into the hairpin oligonucleotide that does not interfere with the ability of the 
nucleotide to be ligated may be used. This includes and is not limited 
covalent attachment using nucleotides other than C6-deoxyuridine as well as 
incorporation of non-nucleotide moieties into the oligonucleotide. As long as 
the stem and any overhang structure are not disrupted, any form of 
incorporation of a detectable label may be used. 

In the specific example presented here, biotin was used as a detectable 
label. Those skilled in the art will readily appreciate that other 
conventionaUy used detectable labels may be used in place of biotin. Placing 
the detectable moiety in the loop away from the stem of the hairpin avoids 
potential mterference of a large detectable moiety with the enzymatic linkage 
of the probe to the section by ligase, thus permitting the use of a great variety 
of detectable moieties including large detectable moieties such as enzymes and 
other proteins. 

Although the present example shows the use of 5 detectable labels in 
each oligonucleotide, those skilled in the art will appreciate that the number 
of labels incorporated in each oligonucleotide can be varied. Increasing the 
ntimber will result in a greater signal being seen for each DNA end present. 
This may be desirable in samples containing a relatively smaU number of 
DNA ends capable of hgation. Conversely, reducing the number of detectable 
labels present in each oligonucleotide will reduce the signal generated by each 
Hgated DNA end. Those skilled in the art will recognize the desirability of 
empirically determining the optimum number of labels to incorporate in each 
oligonucleotide in order to optimize the signal/background ratio for any given 
application and tissue source. 

Probes with three different types of ends were used in these 
experiments: blunt-ended, single 3'-A overhang, and random sequence,two 
nucleotide 3'-overhang (3'-NN). Clearly, by modifying the sequence of the 
oligonucleotide, longer overhangs, either 3'- or 5'-overhangs, may be created. 
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For some applications, such as detection of cleavage of DNA by nucleases that 
produce a defined end, it may be desirable to synthesize the oligonucleotide 
such that an overhang of defined length and sequence is produced. In other 
instances, such as the 3'-NN oligonucleotide tested, the oligonucleotide may 
be formed with an overhang of defined length wherein the sequence of the 
overhang has been randomized. This will result in a mixture containing (4)" 
different sequences of oligonucleotides where n=the niunber of nucleotides 
in the overhang. 

In the two base overhang case exemplified, the oligonucleotide mixture 
contained 16 different sequences of nucleotide. As the mixture contained 
oligonucleotides having all possible bases in all possible positions of the 
overhang, the mixture detected any two base 3'-pverhang. Synthesis of such 
mixtures of oligonucleotides can easily be accompUshed during sjoithesis by 
using a reagent mixture containing all nucleotides at positions where 
randomization is desired. Alternatively, each individual sequence may be 
S3mthesized separately and then the separate sequences mixed. The latter 
technique may be used to form mixtures that contain oligonucleotides having 
less than all possible bases at all positions in order to detect a subset of all 
cleavages. In other embodiments of the invention, it may be desirable to 
randomize some positions in the overhang while holding some other positions 
of the overhang constant. 

For certain applications, it may be desirable to package the 
oligonucleotide probes and required reagents as kits. The kits may contain 
oligonucleotides having a variety of ends. For example, the kit may contain 
blunt ended oligonucleotides in addition to one^two and three base overhang 
oligonucleotides where the overhangs could be either 3' or 6' or both. The 
oligonucleotides may be provided as individual separate oligonucleotides or 
as mixtures of oligonucleotides. The mixtures may be of all oligonucleotides 
containing a given length and type overhang (i.e., 3' or 5'). Alternatively, 
the mixtures may contain only some of the possible oligonucleotides of a given 
length and type overhang. In other embodiments, it may be desirable to 
provide the oligonucleotides as mixtures containing more than one length 
and/or type overhang. For example, a may might contain all two base 
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overhangs of both the 3' and 5' type; or, a may might contain one, two and 
three base overhangs of a specific type, 3' or 5'. The contents of a mixture 
of oligonucleotides can be varied depending on the type of DNA end believed 
to be present in the DNA of interest. 
5 Kits of the present invention may also include reagents useful in 

conducting the methods of analysis of DNA ends set forth herein. These 
reagents may include DNA ligase enzymes, buffers and other enzymes 
including proteases and signal generating enzymes such as glucuronidases, 
luciferases and the like. Other reagents which may be included in the kits of 
10 the present invention include substrates for signal generating enzymes, 

antibodies that recognize detectable moieties and other reagents that permit 
the identification of the detectable moieties. 

Ligation of labeled DNA fragments 

15 Digoxigenin-labeled probe fragments were ligated to DNA in tissue 

sections in situ using T4 DNA Ugase. Various tissues (described in Examples) 
were used with the following protocol. Tissue fragments were fixed in either 
freshly prepared paraformaldehyde or buffered formaldehyde, with equivalent 
results, and were conventionally dehydrated and embedded in paraffin. 6-|im 

20 sections were treated with xylene to remove the paraffin and rehydrated in 

graded alcohol concentrations. The rehydration was accomplished by 
incubating the sample in xylene for 6 minutes then replacing the jgrlene with 
fresh xylene and incubating a second 5 minute interval. The xylene was 
removed and the sample was incubated in 100% ethanol for 5 minutes. The 

25 ethanol was then removed and fresh 100% ethanol was added. The sample 

was incubated for an additional 5 minutes in 100% ethanol. The ethanol was 
then replaced with 96% ethanol and the sample was incubated for 30 seconds. 
The 96% ethanol was then replaced with 80% ethanol and the sample was 
incubated for 30 seconds. The 80% ethanol was then removed and the sample 

30 washed in water. 

Ligations involving digoxigenein-labelled, double-stranded DNA 
fragments were performed according to the following protocol. All the 
following procedures were performed at room temperature (23** C). The de- 
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paraffinized sections were incubated with 50 \ig/ml proteinase K in PBS for 
30 minutes, then rinsed thoroughly with water. A mix of 50 mM Tris-HCl, 
pH7.8, lOmMMgCL,, 10 mM DTT, ImMATP, 25 ^g/ml BSA, 15% 
polyethylene glycol (8000 m.w., Sigma), with the digoxigenin-labeled DNA 
fragment at 1 jig/ml and DNA T4 Ugase (Boehringer Mannheim) at 25-100 
units/ml was added (20 ^1 per section). Sections were covered with glass 
coverslips and placed in a humidified box for 1-16 hours. The sections were 
thoroughly washed in water and then pre-blocked with blocking solution 
(Boehringer Mannheim), reconstituted as recommended by the manufacturer, 
for 15 minutes. Additional washes with 70"* C. water can be used to 
inactivate endogenous alkaline phosphatases if excessive background staining 
is observed. The blocking solution was removed and sheep anti-digoxigenin 
Fab fragment-alkaline phosphatase conjugate (Boehringer Mannheim), 1:100 
dilution in blocking buffer, was added for 10 minutes, followed by washing in 
0.1 M Tris-HCl, pH 7.5, 0.1 M NaCl, 2 times for 10 minutes each. For color 
development, sections were then placed in the solution recommended by the 
manufacturer (0.1 M Tris, pH 9.5; 0.1 M NaCl; 167 jig/ml 5-bromo-4-chloro-3- 
indolyl phosphate; 330 [ig/ml nitro blue tetrazolium) and the color 
development was monitored imder the microscope. The reaction was stopped 
by washing sections in water. The wet sections were photographed without 
counterstain. 

Ligations involving hairpin oligonucleotides were conducted according 
to the following protocol at room temperature (23 ''C). Sections were 
incubated with 25 |ig/ml proteinase K (Oncor, Gaithersburg, MD) in PBS for 
5 minutes. Those of ordinary skill in the art Avill recognize that the time of 
incubation may be decreased or increased for optimization of signal and 
background in different tissues. Sections were then rinsed thoroughly with 
water. A mix of 50 mM Tris-HCl, pH 7.8, 10 mM MgCLj, 10 mM DTT, 1 mM 
ATP, 15% polyethylene glycol (8000 m.w., Sigma), with hairpin 
oligonucleotides at 35 jig/ml and DNA T4 ligase (Boehringer Mannheim, 
Indianapolis, IN) at 250 units/ml was added (20 jil per section). Sections were 
covered with glass coversUps and placed in a humidified box for 16 hours. 
The sections were then washed with several changes of water over 2 hours. 
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Fluorescein-avidin coiyugate (Vector Laboratories, Burlingame. CA) was 
added at 4 jig/ml in 50 mM sodium bicarbonate, 15 mM sodium chloride, pH 
8.2, for 45 minutes. Sections were washed in the same buffer 3 times over 30 
minutes and then in water for 20 minutes. 

The Ugation reaction may also be performed on isolated DNA that has 
been size fractionated on an agarose gel. The DNA is first transferred to a 
solid support by any conventional means, i.e. capillary action, vacuum blotting 
or electroblotting. The solid support is then blocked and the ligation reaction 
conducted as above. 

Terminal deoxvnucleotidvl transferase (TdT) reaction 

In order to provide a comparison to the prior art method of identifying 
apoptotic cells, p^allel tissue samples were analyzed using the TdT reaction. 
For the reaction of available DNA 3'-hydroxyls with TdT, the published 
procedure was used modified to accommodate the use of digoxigenin or Texas 
Red as label rather than biotin. When digoxigenin was used as label, instead 
of addition of ligase mixture as above, a mixture comprising 30 mM Tris-HCl, 
pH 7.2, 140 mM sodium cacodylate, 1 mM cobalt chloride, 0.1 mM DTT, 50 
nm digoxigenin-dUTP and 300 units/ml TdT (Promega) (20 ^1 per section) 
was added for 1 hour at 37** C in a humidified incubator. The washing and 
visualization of incorporated digoxigenin was as described above. 

When Texas Red was used as a label, a mixture comprising 30 mM 
Tris-HCl, pH 7.2, 140 mM sodium cacodylate, 0.1 mM DTT, 8 \iM Texas 
Red-X dUTP (Molecular Probes, Eugene, OR) and 800 units/ml terminal 
transferase (Boehringer-Mannheim) (20 \il perjsection) was added for 1 hour 
at 37 °C in a humidified incubator. Following washing in water (2 changes 
over 20 minutes) the sections were counterstained with the DNA-binding dye 
4,6-diamidino-2-phenylindole (DAPI) (1 ^g/ml), mounted in Vectashield 
(Vector Laboratories) and observed by fluorescence microscopy. 
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Tissues 

Thymus: To prepare tissue that contained a large number of apoptotic 
cells, Sprague-Dawley rats (150 g) were injected subcutaneously with 6 mg/kg 
dexamethasone (Sigma) dissolved in 30% dimethyl sulfoxide in water. 
Animals were killed after 24 hours and the thymus was fixed in 4% 
paraformaldehyde. Thymus from control animals was obtained and fixed in 
the same way. Afl;er 18 hours in paraformaldehyde the tissue fragments were 
placed in 70% ethanol and taken through graded alcohols to 100% ethanol, 
placed overnight in chloroform, and then embedded in paraffin. 

Necrotic tissue: Sections from a Wilms' tumor from a 5-year old male 
patient, containing extensive areas of necrosis, as often encountered in such 
tumors, was used as to provide sections with large numbers of necrotic cells. 

Hydrogen peroxide treated liver: Random DNA damage was induced 
by injection of hydrogen peroxide. Sprague-Dawley rats were anesthetized 
and 100 ^1 of 30% hydrogen peroxide was injected superficially in the liver in 
several locations. After 20 seconds the liver was excised from the animal and 
the hydrogen-peroxide-treated segment of the liver was fixed in 4% 
paraformaldehyde, with multiple changes of the solution to remove any 
remaining hydrogen peroxide. Segments of tissue from a distal region of the 
liver were fitxed as controls. The tissues were then processed as described for 
thymus. 

Kidney: Mild trauma of the kidney was achieved by puncturing the 
capsule and loosening it away from the parenchyma. This resulted in a zone 
of apoptotic cells close to the site of trauma 24 hours later. Mild iiyury to the 
kidney results in apoptosis of epitheUal c^lls associated with tubular 
degeneration. 

Tissue for in vitro autolysis: 5-mm fragments of bovine adrenal gland 
were placed in culture medium in a 37° C incubator for 16 hours. They were 
then fixed and processed as described for thymus. 

Heated tissue sections: Sections from a control bovine adrenal gland 
were de-para£finized, rehydrated through graded alcohol concentrations, 
placed in 0.01 M sodium citrate, pH 6.0, and heated at lOO"" C. for 5 minutes. 
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Spotting of digoxigenin-lflhelpd DNA on nvlon 

Different amounts of digoxigenin-labeled DNA (synthesized by random- 
primer method, Boehringer Mannheim) were spotted on Hybond-N 
membranes (Amersham) as previously described. The digoxigenin fixed to the 
membranes was detected using the same protocol as described above for 
tissue sections, except that anti-digoxigenin-alkaline phosphatase conjugate 
was used at 1:5000 dilution. 

Preparation of probe fragments with varying overhangs 

PGR is performed on a DNA template that includes a DNA sequence 
that functions as the recognition site for a restriction enzjone. The PGR 
product is purified and isolated by standard means. The PGR is performed 
in the presence of a small amount of dideoxynucleotides. This results in 
fragments that terminate in a dideoxynucleotide. These fragments do not 
contain a 3'-hydroxyl group and cannot be ligated into target DNA. 

The PGR product is then digested with a restriction enzyme that 
recognizes the included site. Gleavage with a restriction endonuclease 
generates 3'-0H at the cleavage site. Fragments thus cleaved can be ligated 
into target DNA. The characteristics of the termini of the digested fragment 
will be determined by the restriction enzyme chosen. By incorporating two 
identical appropriately spaced recognition sites into the DNA template, 
fragments having defined termini can be produced. Alternatively, two 
oligonucleotides having complementary regions and overhanging regions can 
be synthesized. The oligonucleotides can be annealed by standard techniques. 
Information concerning restriction enzyme recognition sites, appropriate 
digestion conditions and the characteristics of the resulting termini are 
readily available to one skilled in the art by consulting a standard text such 
as Sambrook et al.y Molecular Cloning: A Laboratory Manual 2nd Edition, 
Gold Spring Harbor Press, specifically incorporated herein by reference. 

Analvzing DNA to determine the tvnes of termini present 

The termini produced by various nuclease enzymes have previously 
been determined. By determining the types of termini present in a DNA 
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sample, it is possible to gain information about the nuclease enzymes that 
have acted upon the DNA. To determine if the DNA in a given sample has 
been acted upon by a nuclease, the DNA is probed with various nucleic acid 
fragments. Each nucleic acid fragment used as a probe will have termini 
5 capable of ligating to the termini produced by a specific type of nuclease. By 

determining which fragment can be ligated to the DNA sample, it is possible 
to determine what nuclease has acted upon the sample. This process may be 
conducted by dividing the sample into aliquots and probing each ahquot with 
a different fragment. Alternatively, multiple fragments may be tested 

10 simultaneously on the same sample. In this case, the fragments may be 

distinguished from each other by the incorporation of different detectable 
moieties. The detectable moieties may be enz3anes, small molecules, 
chromophores, fluorophores, or radio-labeled materials. Those skilled in the 
art can readily select suitable detectable moieties so as to permit the 

15 simultaneous detection of each moiety. 

In a preferred embodiment, a number of double stranded nucleic acid 
probe molecules, either DNA or RNA or a mixture of both, can be fixed to 
different regions of a solid support. A DNA sample suspected of containing 
termini generated by the action of one or more nucleases, may be brought 

20 into contact with the fixed nucleic acid probe molecules in the presence of 

appropriate Hgase enzymes and co-factors (metal ions, ATP, buffers, etc.). 

The DNA sample is incubated with the nucleic acid probe molecule at 
an appropriate temperature of from about 10^ C. to about 3T C. for an 
appropriate length of time of about 30 minutes to about 16 hours. After 

25 incubation, the sohd support may be washed to remove any unUgated DNA 

and the presence of DNA ligated to the probe molecules is detected. 

In an alternative embodiment, an aliquot of the DNA suspected of 
containing termini created by the action of one or more nuclease enzymes 
may be fixed to a soUd support using any art recognized means, such as, for 

30 example, UV treatment. The fixed DNA can then be contacted with a 

solution containing one or more nucleic acid probe molecules, DNA, RNA, or 
a mixture of both, and the appropriate ligase enzjrmes. The probe molecules 
will be selected to contain detectable moieties. The detectable moieties will 
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be selected so that each moiety will be detectable in the presence of the 
detectable moieties present on the other nucleic acid probe molecules and, 
ideally, all moieties will be simultaneously detectable. 

After a suitable period of time to permit the ligation of the probe 
molecules to the DNA termini present in the ahquot, the solid support may 
be washed and the presence of nucleic acid probe molecules detected. 

The detection of nucleic acid probe molecules will be performed using 
art recognized methods. For example, the nucleic acid probe molecule may 
incorporate a detectable moiety that can be directly detected. In this 
embodiment, the detectable moiety may be a chromophore, fluorophore, or 
enzjone. 

In an alternative embodiment, the nucleic acid probe molecules will 
include detectable moieties that can be bound by a reagent comprising a 
molecule having a binding portion and a signaling portion. Examples of 
suitable binding portions include, but are not limited to, avidin, streptavidin, 
antibodies, and antibody fragments. Preferred embodiments include a 
detectable moiety that is a bromine atom incorporated into a nucleic acid 
probe molecule and a binding portion that comprises an anti-bromine 
antibody. Other preferred embodiments include detectable moieties that are 
biotin or biotin analogs and binding portions that comprise avidin or 
streptavidin. Other preferred embodiments utilize digoxigenin as a detectable 
moiety and a binding portion that comprises an emti-digoxigenin antibody or 
antibody fragment. 

In embodiments that utiUze a reagent that comprises a molecule that 
binds to a detectable moiety, the molecule mg^y also comprise a signaling 
portion that permits detection of the presence of the reagent. For example, 
the reagent may comprise a molecule having a binding portion that binds to 
the detectable moiety, and the molecule may additionally comprise a signaling 
portion that permits detection of the molecule. Examples of signaling 
portions include enzymes, chromophores, fluorpphores, and radio labeled 
material. Thus, the molecule may comprise a binding portion covalently 
attached to a signaling portion. Examples include, but are not limited to, 
avidin or streptavidin covalently attached to enzymes, such as luciferases, 
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peroxidases, galactosidases, glucuronidases, and phosphatases. Preferred 
embodiments will use streptavidin covalently attached to horseradish 
peroxidase. Other preferred examples include antibodies coupled directly with 
enzymes. Those skilled in the art are aware that such coupling may be 
5 accomplished using a variety of coupUng reagents such as those sold by Pierce 

Chemical Co. of Rockford, IlUnois. Examples include anti-bromine antibody 
coupled to enzymes. Preferred examples include anti-bromine antibody 
attached to horseradish peroxidase. 

In some embodiments of the instant invention, detection of the 

10 detectable moiety is accomplished by contacting the detectable moiety with a 

reagent that comprises a first molecule that binds to the detectable moiety 
and then subsequently applying a reagent that comprises a second molecule 
that binds to the first molecule. For example, when the detectable molecule 
is bromine, the sample may be contacted with a reagent that comprises an 

15 anti-bromine antibody or antibody fragment. The sample may then be 

contacted with a reagent that comprises a second molecule that binds to the 
anti-bromine antibody or antibody fragment. Examples include, but are not 
limited to, reagents comprising protein A, lectins, and antibodies that bind to 
the anti-bromine antibody coupled to a signaling portion. The second 

20 molecule may contain a signaling portion. The signaling portion may include 

an enzyme, chromophore, fluorophore, or radio-labeled material. The 
preparation and utilization of such second molecules are well known to those 
skilled in the art. (See, for example, chapter 18 of Sambrook, et al) Other 
examples include the use of biotin or biotin analogs as detectable moieties, 

25 streptavidin or avidin as first molecules, and axrti-streptavidin or anti-avidin 

antibody or antibody fragments coupled to signaUng portions as second 
molecules. Other preferred embodiments utilize digoxigenin as detectable 
moieties, anti-digoxigenin antibodies as first molecules, and antibodies 
directed against the anti-digoxigenin antibodies coupled to signaling portions 

30 as second molecules. 

In embodiments that utilize a first binding molecule to bind a 
detectable moiety and a second molecule to bind the first molecule, the second 
molecule may contain a signaling portion. The signaling portion may be any 

20 
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signaling portion known in the art. Signaling portions of the present 
invention include, but are not limited to, chromophore, fluorophores, 
enzymes, and radio-labeled material. When the signaling portion is a 
chromophore or fluorophore, the presence of the signaling portion may be 
detected visually or with the use of devices that measure optical density. 
When utiUzing optical density readers, it may be desirable to place the sample 
on or in a sohd support that is transparent at the wavelength at which the 
chromophore absorbs or at the wavelengths at which excitation and emission 
of the fluorophore occur. This methodology may be useful to quantify the 
presence of termini generated by specific nucleases. Transparent solid 
supports are seen to include, but are not limited to, transparent test strips 
and microtiter plates. 

When the signaling portion is an enzyme, the method will include a 
step of providing the enzyme with a substrate. The substrate may be 
provided as part of the reagent comprising the second molecule. 
Alternatively, the substrate may be provided after the reagent comprising the 
second molecule. When the enz3nne reacts with the substrate, some 
measurable change must take place. For example, the enzyme may convert 
a colorless substrate molecule into a colored product molecule. Alternatively, 
a colored substrate molecule may be converted into a colorless product 
molecule. In some instances, one of the products of the enz3niie reaction may 
be a photon of light. In these instances, the quantity of photons of light 
produced can be measured. The available enzymes and appropriate substrates 
and quantitative methodologies are well known to those skilled in the art. 

EXAMPLE 1 

Detection of high concentrations of double-stranded DNA with sinerle-base 
3^-overhang s. as well as blunt-end ed DNA and free 3^-hvdroxvls. in apoptotic 
cells. 

Rat thjrmus was fixed and processed by three labeling methods as 
described in the General Methods. Figure 1 shows the reaction products 
resulting from (a) ligation of single-base 3' overhang double-stranded DNA 
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fragment prepared by Taq polymerase, using 15 minutes of alkaline 
phosphatase color development; (b) ligation of blunt-ended DNA fragment 
prepared by Pfu polymerase, using 15 minutes of alkaline phosphatase color 
development; (c) extension of 3' hydroxyls with TdT, using 7 minutes of 
alkaline phosphatase color development, a', h\ and c' are the reaction 
products of the 3 labelmg methods using 6-fold longer times of alkaUne 
phosphatase color development (90 and 42 minutes respectively). 

To obtain a tissue with many apoptotic cells we initially used rat 
thymus 24 hours afber administration of glucocorticoid, a model for apoptosis 
well established by previous investigators. However, control rat thymus also 
had a lower but useful number of apoptotic cells, consistent with the 
observation that about 1% of thymic cells show featiires of cell death in 
postnatal animals. Because control thymus tissue sections were not affected 
by the severe atrophy found in glucocorticoid-treated thymus, we used the 
apoptotic cells in control thymus as our standard for the investigation of DNA 
ends, but we show also for comparison the results in thymus from 
dexamethasone-treated animals. 

Consecutive 6 |im sections were labeled with single-base 3' overhang 
and blxmt-ended DNA fragments, using the same concentration of fragment 
and the same period of time of incubation with ligase. Consecutive sections 
were also labeled with TdT. In all cases the digoxigenin fixed to the section 
by the action of ligase or TdT was detected using an anti-digoxigenin-alkaline 
phosphatase coiyugate. We assessed the length of time of the color 
development in the alkaline phosphatase reaction which just allowed the 
visualization of apoptotic cells. A reaction time of 7 minutes in the case of 
TdT and 15 minutes for ligase (using either 3'-overhang or blunt-ended DNA 
fragments) was sufficient to label apoptotic cells in thymus sections. When 
6-fold longer times of color development were used, the same number of 
nuclei were labeled, using all three techniques, with very little background 
staining. 
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EXAMPLE 2 

Comparison of patterns of apoptotic cells, detected hv the presence of 
different types of DNA ends, in control and glucocorticoid-treated thymus. 

We compared the labeling of cells by ligation of 3'-oyerhang fragments 
to the labeling of cells by reaction of accessible 3'-hydroxyls with TdT, in 
both control and glucocorticoid-treated thymus (Figure 2). The nimibers and 
patterns of cells stained by both methods in thymic cortex in control and 
glucocorticoid-treated animals were consistent with the previously reported 
nvmibers and patterns of apoptotic cells in control animals and in animals 24 
hours after glucocorticoid administration. 

Thymus from control (a, b) and glucocorticoid-treated (c, d) rats were 
fixed and processed as described in Example 1. Figure 2 shows the reaction 
products residting from (a, c) ligation of Taq polymerase fragment, 15 
minutes of alkaline phosphatase reaction; (b, d) TdT reaction, 7 minutes of 
alkaline phosphatase reaction. 

EXAMPLES 

Detection of DNA ends within n ecrotic cells in Wilms^ tumor by three 
labeling methods. 

To compare the occurrence of single-base 3' overhangs, blunt ends, and 
all accessible 3'-hydroxyls in apoptotic and necrotic cells, we performed 
simidtaneous staining of both apoptotic and necrotic tissue. The methods 
used were as described in Example 1. 

Sections of Wilms' tumor, containing large areas of necrosis, were used 
as a standard for a tissue comprising many/uecrotic cells. Consecutive 
sections were used to enable comparison of the reaction of different methods 
on various areas within this heterogeneous tissue. Staining reactions were 
performed for two different times, as used in the detection of apoptotic cells 
in thymxis: a time sufficient for visualization of apoptotic cells (7 or 15 
minutes) and a time 6-fold longer. To ensure that these times were 
appropriate, sections of rat thymus were moimted on the slide together with 
the necrotic tissue and processed in the same labeling solutions. 
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Serial sections were used and the same regions are shown by the three 
. labeling methods and presented in Figure 3. Figures 3a and 3d show ligation 
of 3'-overhang Taq polymerase fragment, 15 minutes of alkahne phosphatase 
reaction; Figures 3b and 3e show ligation of the blunt Pfu polymerase 
fragment, 15 minutes of alkaline phosphatase reaction; Figures 3c and 3f 
show TdT reaction, 7 minutes of alkaline phosphatase reaction, a', b', c', 
d', e', and f are the reaction products of the 3 labeUng methods using B-fold 
longer times of reaction with alkahne phosphatase (90 and 42 minutes 
respectively). 

In necrotic areas of the specimen, the TdT reaction produced intense 
labeling even with 7 minutes of alkaline phosphatase color development 
(Figure 3c and 3f). In purely necrotic regions (Figure 3, a-c), ligation of both 
3'-overhang and blunt-ended fragments produced very little staining even 
with 6-fold longer color development than required for visualization of 
apoptotic cells. In adjacent areas of the tumor, where some tissue structure 
was preserved (Figure 3, d-f), extensive staining of nuclei with TdT was again 
observed. Distinct labeling of nuclei was also observed with 6-fold 
overdevelopment of the color reaction in the case of blimt-ended fragment, 
but hardly at all with the 3'-overhang fragment. 

The fact that the 3'-overhang fragment did not produce a signal in the 
necrotic areas (Figure 3a) and generated a strong signal in the apoptotic areas 
(Figure 3d) leads to the conclusion that single-base 3' overhangs are specific 
for apoptotic cells. 

EXAMPLE 4 , 

Re^^tive — color development of spots with various amounta of 
digoxigenin-labeled DNA. 

The indicated amounts of digoxigenin-labeled DNA were spotted onto 
nylon membranes as described in Methods and then processed for detection 
of digoxigenin by the alkaline phosphatase reaction. The extent of color 
development at 15 and 90 minutes is shown. 

To provide an estimate of the relative abundance of single-base 
3'-overhangs in apoptotic versus necrotic tissue, a series of spots of 
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digoxigenin-labeled DNA on nylon was stained by alkaline phosphatase color 
development using the same two times used for tissue sections (Figure 4). 
This experiment shows that 90 minutes versxxs 15 minutes of color 
development allows the visualization of almost 100-fold less digoxigenin. 
Since apoptotic nuclei in thymxis are readily detectable by ligation of 
3'-overhang fragment using 15 minutes of color development, but nuclei in 
necrotic tissue are hardly stained with 90 minutes of color development, it 
may be concluded that apoptotic nuclei have at least 100-fold more single-base 
3' overhangs than necrotic nuclei. 

EXAMPLES 

Testing of the S'-overhanes in cells with DNA damage 

In order to assess the specificity of the present methodology, we tested 
whether DNA ends that can be ligated to 3'-overhang DNA fragment were 
present in cells with other types of DNA damage that might be produced in 
vivo (e.g., oxygen free radical DNA strand breakage), or by postmortem 
autoljrsis, or by in vitro procedures that damage DNA (e.g. heating, as used 
in antigen retrieval procedures). In order to assess this, detection of DNA 
ends within hydrogen peroxide-treated liver by two labeling methods. 

The methods used were as described in Example 1. Figure 5 shows 
serial sections using (a) ligation of Taq polymerase fragment, 90 minutes of 
alkaline phosphatase reaction; (b) TdT reaction, 42 minutes of alkaline 
phosphatase reaction. 

To provide rapid damage by oxygen radicals, at such a short time that 
apoptotic cell death was unlikely, hydrogen peroxide was injected into the 
liver of an anesthetized rat, and segments of liver were fixed 20 seconds later. 
This tissue showed many areas of nuclei with 3' ends accessible to TdT but 
no 3' overhangs (Figure 5). 

EXAMPLE 6 

Detection of DNA ends within autolvtic bovine adrenocortical tissue. 

The methods used were as described in General Methods. Serial 
sections were used and the same regions are shown by the three labeling 
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methods. Figure 6 shows (a) ligation of Taq polymerase fragment, 15 minutes 
of alkaline phosphatase reaction; Ob) ligation of Pfu polymerase fragment, 15 
minutes of alkaline phosphatase reaction; (c) TdT reaction, 7 minutes of 
alkaline phosphatase reaction, a', b', and c' are the reaction products of the 
3 labeling methods using 6-fold longer times of reaction with alkaline 
phosphatase (90 and 42 minutes respectively). 

Autolysis was produced within the centers of fragments of bovine 
adrenal cortex incubated in medium at 37^ C for 16 hours. Again using times 
of alkaline phosphatase color development suitable for the detection of 
apoptotic cells within rat thymus, no cells were stained by ligation of 
3'-overhang fragments, cells were lightly stained with blunt-end fragment 
ligation, and markedly stained by TdT extension of 3' ends (Figure 6, a-c). 
With 6-fold overdevelopment of the color reaction, light staining was apparent 
in the sections with 3'-overhang ligation whereas staining with blimt-end 
fragment and TdT became more intense (Figure 6, d-f). 

EXAMPLE 7 

Detection of DNA ends within heated tissue sections bv two labeling 
methods. 

Sections of bovine adrenal gland were treated as described in Methods. 
Figure 7 shows serial sections using (a) hgation of Taq polymerase fragment, 
15 minutes of alkaline phosphatase reaction; (b) TdT reaction, 7 minutes of 
alkahne phosphatase reaction. 

To test the effects of heat, 6-^m sections of control bovine adrenal 
gland were heated at 100** C for 5 minutes foUoyred by ligation of 3'-overhang 
fragment or detection of accessible 3' ends (Figure 7). Some nonspecific 
staining was noted in sections with ligation of 3'-overhang fragment but 
nuclei were not stained. In contrast, TdT labeling of nuclei was extensive in 
heated sections. 
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EXAMPLE 8 

Detection of the presence of apoptotic cells in a tiaaue sample. 

DNA present in a sample is isolated according to standard 
methodologies (see Sambrook, et al). The DNA is size fractionated on 
5 agarose and then transferred to a solid support. The solid support is 

generally in the form of a membrane. The membrane may be constructed of 
any commonly utilized materials, such as nylon, PVDF or nitrocellulose. The 
transfer may be accomplished by any commonly utilized methodologies. 
These methodologies are considered to include capillary action, vacuum 

10 blotting and electroblotting. 

After the DNA has been transferred to the solid support, the solid 
support is blocked using known blocking solutions. Subsequent to blocking, 
the solid support is contacted with the solution containing a DNA probe 
molecule specific for a target DNA, a DNA Ugase enzyme, and the requisite 

15 co-factors. The ligation reaction may be conducted at a temperature from 

about 4^*0 to about ST'C. Preferably, the ligation reaction may be conducted 
at a temperature from about 10*" C to about ST'C and most preferably at a 
temperature from about 15® C to 37^ C. One skilled in the art will readily 
recognize that it is necessary to prevent the solid support from dr3dng out 

20 during the process of the ligation reaction. In order to accomplish this, the 

ligation reaction may be conducted in a sealed container, such as, for example, 
a sealed plastic bag or a roller bottle or any commonly used device known to 
those skilled in the art. After completion of the ligation reaction, the solid 
support is washed and the DNA probe molecule is detected as described 

25 above. / 

EXAMPLE 9 

Simultaneous detection of 3^ overhangs and proteins in the same anoptotic 
cell. 

30 The instant invention permits the simultaneous detection of: 

1) DNA molecules characteristic of apoptotic cells; and 

2) the protein molecules that are expressed in the same apoptotic cell. 
This will allow the characterization of the protein expression of cells 
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undergoing apoptosis. Tissue samples are fixed and embedded in paraffin as 
described above. The samples are then de-paraffinized and rehydrated 
through graded alcohol concentrations as described above. The proteinase K 
step described in the basic protocol is omitted. Instead, the sample is placed 
in buffer and heated. The samples may be heated by placing them in a sealed 
container and placing the sealed container in boiling water or, alternatively, 
may be heated by placing them in buffer and heating the buffer solution in 
a microwave oven. The samples are heated to a temperature greater than 
TO"" C and maintained at that temperature for at least 15 minutes. The buffer 
used may be any commonly available buffer. In a preferred embodiment, the 
buffer is 0.01 M citrate at a pH of 6.0. 

After heating, the samples are cooled and contacted with a solutions 
containing a DNA probe, a DNA ligase enzyme, the co-factors necessary for 
the ligase reaction to proceed, and an antibody specific to a protein of 
interest. The antibody is detected using standard methods and the DNA 
probe molecule is detected as described above. The presence of the antibody 
and the DNA molecule in the same cell indicates that the protein for which 
the antibody is specific is present in apoptotic cells. 

In a preferred embodiment, after heating, a firot antibody may be 
applied to the sample and incubated for an appropriate period of time, such 
as from about 5 minutes to about 48 hours, at an appropriate temperature, 
such as from about 4*C to about 37' C. The selection of appropriate times 
and temperatures is dependent upon the characteristics of the antibody- 
protein interaction and is well within the skill of the ordinary practitioner in 
the art. z 

The sample is then washed with 0.1 M Tris-NaCl at a pH of 7.5 two 
times for 10 minutes each. The sample is then contacted with a solution 
containing a secondary antibody conjugated to a detectable moiety. In various 
embodiments, the detectable moiety may be an enzyme, a small molecule, a 
fluorophore, a chromophore or a radio-labeled molecule. In a preferred 
embodiment, the enzyme will be an alkaline phosphatase. 

The sample is incubated with the secondary antibody for an 
appropriate period of time, such as from about 5 minutes to about 24 hours. 
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at an appropriate temperature such as from 4**C to 37** C. In a preferred 
embodiment, the secondary antibody is incubated with the sample at room 
temperature for 30 minutes. The sample is then washed in a buffer solution, 
such as Tris-NaCl at pH 7.5. When the detectable moiety is an eniyme, the 
sample is contacted with a solution containing a detection reagent. The 
detection reagent may commonly be a molecule that serves as a substrate for 
the enzyme conjugated to the secondary antibody. The reaction product of 
the enzyme and the detection reagent may be detectable. When the enzyme 
is alkaline phosphatase or horseradish peroxidase, the reaction product may 
be a chromophore. When the enzyme is a luciferase the reaction product may 
be photons of light. Other enzymes, known to those skilled in the art, may 
be used as detectable moieties. Such enzymes are known to those skilled in 
the art and may be substituted without deviating from the spirit of the 
invention. Alternative embodiments wherein the detiectable moiety is directly 
attached to the first antibody are within the scope of the invention. 

After detecting the presence of the first antibody, the hgase reaction 
and the detection of a DNA probe molecule are performed as described above, 
may be labeled with a fluorescent dye, and the antibody molecule may be 
labeled with a different fluorescent dye. The dyes may be selected so that 
they permit simultaneous detection. The solution containing the DNA probe 
and the antibody molecule may optionally include blocking agents. Blocking 
agents used as blocking agents include BSA, dry milk, detergents, and the 
like. After completion of the reaction, the tissue Sample is washed with a 
buffered solution and examined under a fluorescent microscope. More than 
one protein molecule can be simultaneously deleted. This is accomplished 
by using antibodies specific for each protein of interest and is limited only by 
the niunber of fluorescent dyes that can be simultaneously visualized. 

EXAMPLE 10 

Simultaneous detection of 3^ overhangs and RNA molecules. 

The present invention permits the detection of RNA molecules in ceUs 
imdergoing apoptosis. Tissue samples are prepared for ligation as described 
above. The sample is hybridized with an ohgonucleotide complementary to 
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the sequence of an RNA molecule of interest. The exact conditions are 
hybridization are dependent upon the sequence of interest and the length of 
the oligonucleotide probe. Appropriate methodology for selection of 
hybridization conditions is contained in Sambrook,e*o/„ Hybridization may 
be conducted at a temperature from about room temperature to about 74° C 
for a period of time from about 15 minutes to 48 hours. Preferably, 
hybridization may be conducted for a period of time from about 4 hours to 
about 16 hours, at a temperature from about 40° C to about 65° C. After 
hybridization, the sample may be washed. The stringency of the wash 
conditions, i,e,, ionic strength and temperature, are adjusted according to the 
length of the probe and nucleotide sequence of the probe. After an 
appropriate period of washing, the sample is contacted with a solution 
containing a DNA molecule capable of being ligated to a 3'-overhang, a DNA 
ligase enzyme, and the appropriate co-factors. Ligation reaction is conducted 
at room temperature for about 1 hour. The sample is then washed and the 
presence of the oligonucleotide and the DNA molecule are detected. The 
presence of the oUgonucleotide and the DNA molecule in the same cell 
indicate that the RNA molecule of interest is present in apoptotic cells. 

The above assay may be configured in a variety of ways. The 
oligonucleotide used may be an RNA molecule or a DNA molecule. Detectable 
moieties may be incorporated into the oligonucleotide. These moieties may 
be enzymes, small moleciiles, chromophores, fluorophores or radio-labeled 
molecules. In a preferred embodiment, the detectable moiely is FITC. Other 
fluorophores known to those skilled in the art are within the scope of the 
invention. 

Detectable moieties may be incorporated into the DNA molecule to be 
ligated. For example, the detectable molecules may be enzymes, small 
molecules, fluorophores, chromophores and radio-labeled molecules. In a 
preferred embodiment, both the oligonucleotide and the DNA molecule to be 
ligated incorporate fluorophores. In this embodiment, the fluorophore 
incorporated in the oligonucleotide fluoresces at a wavelength different from 
that at which the fluorophore incorporated into the DNA fluoresces. This 
permits the simultaneous detection of the oligonucleotide and DNA molecule. 
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The DNA molecule that is ligated to the 3'-overhangs in the DNA of the 
apoptotic cell may contain a small molectile such as biotin, bromine or 
digoxigenin. After ligation, the sample is contacted with a molecule which 
binds to the small molecule, such as an avidin or streptavidin when the small 
molecule is biotin, or anti-digoxigenin antibody or antibody fragment. The 
molecule that binds to the small molecule is conjugated to a detectable moiety. 
The detectable moiety may be an enzyme, fluorophore, chromophore or radio- 
labeled molecule. 

EXAMPLE 11 

Solid Support Capture Assay . 

The present invention may be used to detect and/or isolate DNA target 
molecules having defined overhanging termini. This is accomplished by 
attaching a nucleic acid probe molecule having a defined terminus to a solid 
support. The solid support may be any solid support known in the art 
including, but not limited to, membranes, microtiter plates, agarose beads, 
beads made of a sjmthetic resin, and any other solid support known in the 
art. In a preferred embodiment, the solid support will be a paramagnetic 
particle coated with a synthetic resin. This embodiment allows facile 
separation of the beads from the reaction solution. 

The nucleic acid probe molecule attached to the solid support is called 
the capturing fragment. The capturing fragment is selected so as to have a 
complementary terminus to the defined overhanging terminus of the DNA 
target molecule. The fragment may be prepared by any means known in the 
art. For example, the fragment may be prepare^ from a larger DNA molecule 
by treatment of the larger molecule with a nuclease that generates the desired 
overhanging termini. The DNA fragments possessing the desired 
overhanging termini may then be isolated and subsequently fixed to the solid 
support, using any methodology known in the art. For example, the solid 
support may be provided with a reactive functionality that is capable of 
reacting with functional groups present in the capturing fragment. 
Alternatively, the capturing fragment may be modified so as to contain a 
reactive functionality capable of reacting with the solid support. In other 
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embodiments, the capttiring fragment will be provided with a small molecule 
that can be bound by a group present on the solid support. For example, the 
capturing fragment may be provided with a biotin moiety or a digoxigenin 
and the soUd support with streptavidin or an anti-digoxigenin antibody. 
Those skilled in the art will readily appreciate that any methodology that 
does not affect the overhanging terminus of the capture fragment may be 
used to fix the capture fragment to the solid support. 

The capture fragment may be designed so as to contain additional 
desirable structural characteristics beyond an overhanging terminus. For 
example, the capturing fragment may be equipped with a restriction enzyme 
site. After the capturing fragment has been used to isolate the corresponding 
nuclease-cleaved DNA, the capturing fragment may be cleaved using a 
restriction endonuclease, thereby liberating a DNA molecule that includes a 
portion of the capturing fragment in addition to the nuclease cleaved 
fragment. 

The DNA target molecule can be cloned and sequenced using 
methodologies well known to those skiUed in the art. For example, the 
nuclease-cleaved DNA can be ligated to the capturing fragment. 
Subsequently, the solid support may be treated with Pfu polymerase to 
generate blunt ended fragments attached to the soUd support. The solid 
support may then be treated with a restriction enzyme to cleave the blunt 
ended fragment from the solid support. The fragment can then be cloned into 
a vector treated so as to have a blunt end and an end that corresponds to the 
end generated by the restriction enzyme. Those skilled in the art can readily 
envision other, equivalent clonmg strategies. ^Utematively, the capturing 
fragment may be equipped with a sequence to which a PGR primer will bind. 
After reaction with the nuclease cleaved DNA, the reaction mixture may be 
provided with the necessary reagents to perform PGR on the captured 
nuclease cleaved fragment. It is readUy apparent to those skilled in the art 
that more than one desirable functional characteristics can be incorporated 
into the capturing fragment. For example, both restriction enzyme cleavage 
sites and PGR primer binding sites may be incorporated into the same 
capturing fragment. 
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The capturing fragment may be provided with a detectable moiely. 
After ligating the nuclease cleaved DNA to the capturing fragment, the 
capturing fragment may be cleaved from the solid support and the presence 
of the detectable moiety assayed. It may be necessary to perform a step of 
isolating capture fragment boimd to nuclease cleaved DNA from capture 
fragment not so bound. Those skilled in the art can readily accomplish this 
using known methods based upon the difference in size of the two types of 
fragment. 

The DNA suspected of containing nudease-cleaved ends may be 
isolated from any source. The DNA is isolated using methodologies readily 
knovm by those skilled in the art. After the DNA suspected of containing 
nuclease cleaved ends is isolated, it is combined with capturing fragment in 
the presence of DNA ligase and the requisite co-factors, such as divalent 
metal ions and ATP. After a suitable length incubation, the ligating solution 
is removed hy washing and the presence or absence of nuclease-cleaved DNA 
can be detected. The basic assay described above can be configured in a 
variety of ways. For example, the capturing fragment may be provided to the 
ligation solution as a fragment free in solution. In embodiments of this 
nature, the capturing fragment will be provided with a bmding moiety, such 
as biotin or digoxigenin. After a suitable reaction period, a solid support 
containing a molecule capable of attaching to the binding moiety, such as 
avidin, streptavidin, or anti-digoxigenin, is mixed with the solution. After an 
incubation period to allow the binding moiety to be attached to the solid 
support, the solid support can be washed so as to remove vmbound material 
and then treated in any fashion desirable. / 

Alternatively, the capturing fragment may be provided to the ligation 
mixture already attached to a soUd support. After the ligation reaction is 
allowed to proceed, the solid support can then be washed as before. 

The present invention may be used as an assay to detect termini of a 
specific overhang present in a DNA sample. After the Ugation and 
attachment to solid support as described above, the sample is washed and 
then provided with a known quantity of complementary termini. The 
fragments containing these complementaiy termini will be detectable in some 
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fashion, for example, as radio labeled or fluorophore or chromophore 
containing. A second ligation reaction may be performed so as to attach the 
radio labeled fragments to any remaining overhanging termini that have not 
bound nuclease treated DNA from the ligation reaction. The more radio 
labeled material that binds, the fewer correct overhanging termini were 
present in the original sample. 

EXAMPLE 12 

Double la belling o f DNA strand breaks with hairoin oligonucleotides and 
terminal transferase . 

To test the sensitivity and specificity of the oligonucleotide hairpin 
probes in labelling double-strand breaks in nuclei of apoptotic cells, we 
applied probes to sections taken from tissues in which apoptotic cells were 
present, but which might also include cells undergoing necrosis, which may 
have single-strand breaks. The tissues used were: thymus from rats treated 
with dexamethasone; mouse kidney in which apoptosis was provoked by 
puncturing the capsule; and Wilms tumor containing extensive areas of 
necrosis. A double-staining procedure was used enabling the sequential 
ligation of a hairpin oligonucleotide probe followed by the labelling of all 
available 3'-hydroxyl DNA ends, in double and single strand breaks, by 
terminal transferase. The detectable moiety on the oligonucleotide probe, 
biotin, was visualized with an fluorescein-avidin conjugate, and 3'-hydro3yl 
ends were visualized by addition of Texas red-dUTP. The following 
experiments used a hairpin probe with a single 3'-A overhang (Figure 8). 

Both forms of labelling were dependenjb on the presence of enzyme 
(ligase or terminal transferase); no nuclear signal was observed when 
enzymes were omitted from the reaction mix added to the sections. Apoptotic 
cells were specifically labeled with equal intensity by both techniques. 

The relative specificity of the labelling techniques for strand breaks in 
apoptotic and necrotic cell nuclei was tested by comparison of samples from 
dexamethasone-treated rat thymus, a tissue with large numbers of apoptotic 
cells, and a sample of Wilms' tumor with extensive necrosis. In the thymus, 
most cells undergoing apoptosis were labelled by both techniques, although 
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a few appeared to be selectively labelled by tenninal transferase or by ligation 
of hairpin probe. In the necrotic areas of the tumor, some cells were labelled 
by ligation of the hairpin probe. However, these cells were surrounded by 
much larger numbers of cells which were labelled to varying extents by 
terminal transferase. These cells appeared to be undergoing necrosis when 
these areas of the tumor were examined by conventional histology. The 
difference between the thymus and Wilms' tumor specimens was most evident 
when both fluorochromes were observed simultaneously with a 
dual-wavelength filter. Whereas most cells in the thjnnus appeared yellow, 
indicating equal labeling by both techniques, few cells in the tumor appeared 
yellow, indicating much greater labeling by terminal transferase than by 
ligation of hairpin probes. 

Interestingly, observation of double-stained apoptotic cells by confocal 
microscopy revealed intranuclear patterns of labelling by the hairpin probe. 
Some cells had chromatin condensations or marginations that were equally 
labelled by hairpin probes and by terminal transferase; however, many cells 
in the thymus showed a zone of more intense double-strand break labeling 
around the periphery of the nucleus, whereas terminal transferase labeled 
these nuclei more uniformly. 

EXAMPLE 13 

Different Tvpes of Probes 

Three types of probes blunt, single-nucleotide and double-nucleotide 
overhangs were compared for their specificity and sensitivity. The patterns 
of labelling for the three kinds of probes wer^ generally similar. However, 
the NN overhang probe produced a more intense signal but also showed more 
background (i.e., signal in the absence of enzyme) than the other probes. 
Additionally, necrotic areas of the tumor were more intensely labelled by both 
the NN and blunt-ended probes than by the single A overhang. 

The single-strand A overhang probe appears to have the best specificity 
for labelling apoptotic cells. The likely mechanism for the production of 
double-strand breaks with S'-overhangs in apoptotic cells has been previously 
discussed. Although breaks with double-nucleotide overhangs may be 
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frequent, better methods for the suppression of nonspecific binding of probes 
with double-nucleotide overhangs will be required to reliably detect breaks 
with overhangs of two and, presumably, greater numbers of nucleotides. 

The methodology could be extended by the design of hairpins with 
5'-overhangs to enable detection of 5'-overhang strand breaks. However, in 
this case binding to single-stranded DNA fragments will occur because the 
recessed 3'-hydroxyI on the oligonucleotide would bind to 5'-phosphates on 
the section, which could be at the end of a single-stranded DNA fragment as 
well as a double-strand break with a 5'-overhang. Thus the detection of 
5'-overhangs would require dephosphorylation of the tissue section before 
ligation and the use of a 5'-phosphorylated oligonucleotide. 

The ease of synthesis of hairpin oUgonucleotide probes and the simple 
procedure for the detection of double-strand breaks should enable this 
methodology to have wide application in staining of apoptotic cells, with 
potential extension to the detection of different kinds of double-strand breaks 
in dying cells, which may have mechanistic and diagnostic significance. 

EXAMPLE 14 

Simultaneous labelhnp bv ligation and prior art methods 

In one embodiment of the present invention, a sample is 
simultaneously probed using the ligation based methodology disclosed in the 
instant application in combination with those methodologies of the prior art 
used for detection of apoptotic cells. The prior art methods preferred are the 
assay based upon the use of terminal deoxynucleotidyl transferase (TdT) 
mediated biotinylated dUTP nick end labeUng (fUNEL) and the assay baaed 
upon the use of the Klenow fragment to fill in gaps in DNA. The ligation 
reaction may be performed at the same time as the TdT or Klenow reaction. 
In other embodiments, the reactions may performed sequentially either with 
the ligation reaction being performed first or with the prior art reaction being 
performed first. 

This embodiment of the invention will permit the simultaneous 
detection of free hydroxyls, detected by the prior art methods, and Ugatable 
overhang structures, detected with the methods of the present invention. 
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This invention has been described in terms of specific embodiments set 
forth in detail, but it should be understood that these are by way of 
illustration only and that the invention is not limited to the specifically 
recited embodiments. Modifications and alterations will be readily apparent 
to those skilled m the art and these modifications and alterations are within 
the scope of the invention. Accordingly, these modifications and alterations 
of the disclosed invention are considered to be within the scope of the 
invention and the following claims. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPUCANT: Didenko, Vladimir 
Hornsby, Peter 

(ii) TITLE OF INVENTION: Assay for Detecting Apoptotic CeUs 

(iii) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Fulbright & Jaworski L.L.P 

(B) STREET: 801 Pennsylvania Ave., N.W. 

(C) CITY: Washington, D.C. 

(E) COUNTRY: USA 

(F) ZIP: 20004 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPUCATION DATA: 

(A) APPLICATION NUMBER: 08/758,027 

(B) FILING DATE: November 27, 1996 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Koch, Robert J. 

(B) REGISTRATION NUMBER: 26,637 

(C) REFERENCE/DOCKET NUMBER: 311.042 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 202-662-0200 

(B) TELEFAX: 202-662-4643 . 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 
(vi) ORIGINAL SOURCE: 
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(vii) IMMEDIATE SOURCE: pBluescript-bSDIl 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
GTGGCCTGCC CAAGCTCTAC CT 22 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 
(vi) ORIGINAL SOURCE: 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
. GGCTGGTCTG CCGCCGTTTT CGACCCTG 28 

(3) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 
(vi) ORIGINAL SOURCE: 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
GCGCTAGACC GATCUAGAUC TUATGUAG^U GGTCTAGCGCA 40 
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What is claimed is: 

1. A method for detecting apoptotic cells in a sample, comprising the steps 
of: 

fixing a sample, the sample containing DNA, the DNA having an end 
characteristic of apoptosis; 

contacting the sample with a solution containing a nucleic acid 
molecule and a nucleic acid Ugase enzyme, the nucleic acid molecule being 
ligatable to the DNA end characteristic of apoptosis; and 

detecting the nucleic acid molecule, wherein the detection of the nucleic 
acid molecule correlates to the presence of apoptotic cells. 

2. A method according to claim 1, wherein the sample is a tissue sample. 

3. A method according to claim 1, wherein the nucleic acid molecule 
comprises a detectable moiety. 

4. A method according to claim 3, wherein the detectable moiety is 
selected from the group consisting of, enzjones, small molecules, 
chromophores, fluorophores and radio-labeled materials. 

5. A method according to claim 1, further comprising the steps of: 
contacting the tissue sample with a solution containing a protease; and 
washing the tissue sample to remove the protease. 

6. A method according to claim 3, wherein the detecting step is performed 
using a reagent comprising an enzyme. 

7. A method according to claim 3, wherein the detecting step is performed 
using a reagent comprising an antibody or fragment thereof that binds to the 
detectable moiety. 
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1 8. A method according to claim 3, further comprising the steps of: 

2 contacting the tissue sample with a reagent that comprises a first 

3 moleciile that binds to the detectable moiety; and 

4 subsequently contacting the tissue sample with a reagent that 

5 comprises a second molecule that binds to the first molectde. 

1 9. A method according to claim 8, wherein the first molecule is selected 

2 from the group consisting of antibodies^ fragments of antibodies, avidin and 

3 streptavidin. 

1 10. A method according to claim 3, further comprising the step of: 

2 contacting the tissue sample with a reagent that comprises a molecule 

3 having a first portion that binds to the detectable moiety and a second 

4 portion that comprises an enzyme. 

1 11. A method according to claim 10, wherein the first portion is selected 

2 from the group consisting of antibodies, fragments of antibodies, avidin £md 

3 streptavidin. 

1 12. A method according to claim 10, wherein the second portion comprises 

2 an enzyme selected from the group consisting of phosphatases, galactosidases, 

3 glucuronidases, peroxidases and luciferases. 

1 13. A method according to claim 10, wherein the first portion comprises 

2 streptavidin and the second portion comprise^, an enzjrme selected from the 

3 group consisting of phosphatases, galactosidases, glucuronidases, peroxidases, 

4 and luciferases. 

1 14. A method according to claim 1, wherein the nucleic acid has a blunt 

2 end. 

1 15. A method according to claim 1, wherein the nucleic acid has a 3'- 

2 overhang. 
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16. A method of detecting apoptotic cells in a sample, comprising the steps 
of: 

isolating DNA from the sample, the DNA having an end characteristic 
of apoptosis; 

fractionating the DNA by size; 
transferring the DNA to a solid support; 

contacting the solid support with a solution containing a nucleic acid 
probe molecule and a nucleic acid ligaae enzyme, the nucleic acid molecule 
being ligatable to the DNA end characteristic of apoptosis; and 

detecting the nucleic acid probe molecule, wherein the detection of the 
nucleic acid probe molecule correlates to the presence of apoptotic cells. 

17. A method according to claim 16, wherein the nucleic acid probe 
molecule comprises a detectable moiety. 

18. A method according to claim 17, wherein the detectable moiety is 
selected from the group consisting of enzymes, small molecules, 
chromophores, fluorophores, and radio-labeled materials. 

19. A kit for the detection of apoptotic cells, comprising: 

a nucleic acid probe which Ugates specifically to the DNA of cells that 
have undergone apoptosis, said nucleic acid probe comprising a detectable 
moiety; 

an enzyme for hgating said nucleic acid probe; and 
reagents for detecting the detectable mpiety. 

20. A kit according to claim 19, wherein the nucleic acid probe has a blunt 
end. 

21. A kit according to claim 19, wherein the nucleic acid probe has a 3'- 
overhang. 
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1 22. A kit according to claim 20, wherein said nucleic acid probe is attached 

2 to a solid support. 

1 23. A kit according to claim 21, wherein said nucleic acid probe is attached 

2 to a solid support. 

1 24. A kit for simultaneously detecting apoptotic cells and proteins of the 

2 apoptotic cells, comprising; 

3 a nucleic acid molecule that can be Ugated to a DNA molecule, the 

4 DNA molecule, having an end characteristic of apoptosis, said nucleic acid 

5 molecule comprising a first detectable moiely; 

6 an antibody specific for a protein of apoptotic cells, said antibody 

7 comprising a second detectable moiety; 

8 a nucleic acid ligase enzyme; 

9 reagents for detecting the first detectable moiety; 
10 reagents for detecting the second detectable moiety. 

1 25. A kit for simultaneously detecting apoptotic cells and RNA molecxiles 

2 of the apoptotic cells, comprising: 

3 a first nucleic acid molecule that can be ligated to a DNA molecule, the 

4 DNA molecule having an end characteristic of apoptosis, said first nucleic acid 

5 molecule comprising a first detectable moiety; 

6 a second nucleic acid molecule that hybridizes to an RNA molecule of 

7 apoptotic cells, said second nucleic acid molecule comprising a second 

8 detectable moiety; ^ 

9 a nucleic acid ligase enzyme; 

10 reagents for detectmg the first detectable moiety; 

11 reagents for detecting the second detectable moiety. 
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26. A method for the detection of proteins of apoptotic cells, comprising 
the steps of: 

fixing a sample containing apoptotic cells; 
heating the sample; 

contacting the sample with a solution containing a first molecule that 
forms a complex with a protein of an apoptotic cell; 

contacting the sample with a solution containing a second molecule 
that comprises a first detectable moiety and forms a specific complex with the 
first molecule; 

contacting the sample with a solution that contains a nucleic acid ligase 
enzyme and a nucleic acid molecule, the nucleic acid molecule having a second 
detectable moiely, the nucleic acid molecule being ligatable to a DNA 
molecule, the DNA molecule having an end characteristic of apoptosis; and 

detecting the specific complex and the nucleic acid molecule, 
wherein the detection of the complex in the same cell as the nucleic acid 
molecule correlates to the presence of the protein in apoptotic cells. 

27. A method according to claim 26, wherein the first molecule is an 
antibody. 

28. A method according to claim 26, wherein the second molecule 
comprises a first detectable moiety selected from the group consisting of 
enzymes, small molecules, chromophores, fluoropihores, and radio-labeled 
materials. 

29. A method according to claim 26, wherein the first detectable moiety is 
an enzyme selected from the group consisting of phosphatases, galactosidases, 
glucuronidases, peroxidases and luciferases. 

30. A method according to claim 26, wherein the nucleic acid has a blimt 
end. 
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1 31, A method according to claim 26, wherein the nucleic acid has a 3'- 

2 overhang. 

1 32. A method for the detection of RNA molecules of apoptotic cells in a 

2 sample, comprising the steps of: 

3 fixing a sample containing apoptotic cells, the cells containing DNA, 

4 the DNA having an end characteristic of apoptosis; 

5 contacting the sample with a solution containing a first nucleic acid 

6 molecule, the first nucleic acid molecule being capable of hybridizing with an 

7 RNA molecule present in apoptotic cells, the first nucleic acid molecule 

8 containing a first detectable moiety; 

9 contacting the tissue sample with a solution containing a second 

10 nucleic acid molecule and a nucleic acid ligase enz3ane, the second nucleic acid 

11 molecule comprising a second detectable moiety and being capable of being 

12 ligated to the DNA; 

13 detecting the first nucleic acid molecule and the second nucleic acid 

14 molecule, wherein the detection of the first nucleic acid molecule in the same 

15 cell as the second nucleic acid molecule correlates to the presence of RNA 

16 molecules of apoptotic cells. 

1 33. A method according to claim 32, wherein the first detectable moiety is 

2 selected from the group consisting of enzymes, small molecules, 

3 chromophores, fluorophores and radio-labeled molecules. 

1 34, A method according to claim 32, whereiivthe second detectable moiety 

2 is selected from the group consisting of enzymes, small molectdes, 

3 chromophores, fluorophores and radio-labeled molecules. 

1 35. A method according to claim 32, wherein the first detectable moiety 

2 and the second detectable moiety are fluorophores. 

1 36. A method according to claim 32, wherein the second nucleic acid 

2 molecule has a blunt end. 
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1 37. A method according to claim 32, wherein the second nucleic acid 

2 molecule has a 3'-overhang. 

1 38. A method for detecting the presence of apoptotic cells in a sample, 

2 comprising the steps of: 

3 isolating DNA from a sample, the DNA having an end characteristic 

4 of apoptosis; 

5 fixing a nucleic acid molecule to a sohd support, the nucleic acid 

6 molecule being ligatable to the DNA; 

7 ligating the DNA to the nucleic acid molecule; and 

8 detecting the ligation of the DNA to the nucleic acid, wherein the 

9 Ugation of DNA to nucleic acid correlates to the presence of apoptotic cells in 
10 the sample. 

1 39. A method according to claim 38, wherein the nucleic acid molecule 

2 includes a nucleotide sequence that serves as a recognition site for a 

3 restriction endonuclease. 

1 40. A method according to claim 38, wherein the nucleic acid molecule is 

2 cleavably fixed to the solid support. 

1 41. A method according to claim 38, wherein the nucleic acid molecule has 

2 a blunt end. 

1 42. A method according to claim 38, whereii> the nucleic acid molecule has 

2 a 3'-overhang. 
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3 43. A method for detecting apoptotic cells in a sample, comprising the steps 

4 of: 

5 isolating DNA from a sample, the DNA having an end characteristic 

6 of apoptosis; 

7 fixing the DNA to a solid support; 

8 contacting the solid support with a solution containing a nucleic acid 

9 molecule and a nucleic acid ligase enzyme, the nucleic acid molecule being 

10 ligatable to the DNA; and 

11 detecting the presence of the nucleic acid molecule, wherein the 

12 presence of the nucleic acid molecule correlates to the presence of apoptotic 

13 cells in the sample. 

1 44. A method according to claim 43, wherein the nucleic acid molecule has 

2 a bltmt end. 

1 45. A method according to claim 43, wherein the nucleic acid molecule has 

2 a 3'-overhang. 

1 46. A method for simultaneously detecting DNA having an end 

2 characteristic of apoptosis and detecting DNA having a 3'-hydroxyl in a 

3 sample, comprising the steps of: 

4 fixing a sample, the sample containing DNA, the DNA having an end 

5 characteristic of apoptosis and having a 3'-hydroxyl; 

6 contacting the tissue sample with a solution containing a nucleic acid 

7 molecule and a nucleic acid ligase enzjmie, the nucleic acid molecule being 

8 ligatable to the DNA end characteristic of apoptosis; 

9 contacting the tissue sample with a solution containing a terminal 

10 deo^ucleotidyl transferase enzyme and a substrate for the terminal 

11 deoxjoiucleotidyl transferase enzyme; and 

12 . detecting the nucleic acid molecule and the substrate, wherein the 

13 detection of the nucleic acid molecule and the substrate correlates to the 

14 presence of DNA having an end characteristic of apoptosis and detection of 

15 the substrate correlates to the presence of a 3'-hydroxyl in the sample. 
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1 47. A method according to claim 46, wherein the nucleic acid moleciile has 

2 a bltmt end. 

1 48. A method according to claim 46, wherein the nucleic acid molecule has 

2 a 3'-overhang. 

1 49. A method for detecting apoptotic cells in a sample, comprising the steps 

2 of: 

3 fixing a sample, the sample containing DNA; 

4 contacting the sample with a solution containing a nucleic acid probe 

5 which ligates specifically to the DNA of cells that have tmdergone apoptosis, 

6 the nucleic acid probe comprising a detectable moiety, the solution further 

7 comprising an enzyme for ligating the nucleic acid probe; and 

8 detecting the nucleic acid probe, wherein the detection of the nucleic 

9 acid probe correlates to the presence of apoptotic cells. 

1 50. A method of detecting apoptotic cells in a sample, comprising the steps 

2 of: 

3 isolating DNA from the sample; 

4 fractionating the DNA by size; 

5 contacting the DNA with a solution containing a nucleic acid probe 

6 which ligates specifically to the DNA of cells that have undergone apoptosis, 

7 the nucleic acid probe comprising a detectable moiety, the solution further 

8 comprising an enzyme for ligating the nucleic acid probe; and 

9 detecting the nucleic acid probe molecule^ wherein the detection of the 
10 nucleic acid probe molecule correlates to the presence of apoptotic cells. 
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